tracted with an organic solvent (viz., chloroform) without previous hydrolytic procedures. 3 It was suggested that this type of fever be called etiocholanolone fever in order to distinguish this syndrome from familial Mediterranean fever on the one hand and the undifferentiated periodic fevers on the other (17) .
The 24-hour urinary 17-ketosteroid patterns were normal when the patients were without symptoms. However, etiocholanolone was the only major 11-deoxy-17-ketosteroid isolated during the symptomatic interval.
Since the plasma clearance of 11-deoxy-17-ketosteroids, such as androsterone and etiocholanolone (18) is rapid (20 minute half-life), previous attempts to recover these steroids and dehydroepiandrosterone in an unconjugated form from plasma of normal subjects has been discouraging, since at most, only trace amounts were present (19, 20) .
However, Savard (21) was able to isolate and identify (but not measure) unconjugated androsterone from 100 L of extracorporeal dialysis fluid obtained from a 22 year old patient with acute tubular necrosis and anuria. Moreover, Tamm, Beckmann and Voigt (22) analyzed 200 to 300 nil of normal human sera and found 17 to 61 ,ug per 100 ml of total unconjugated 17-ketosteroids, measured by micro-Zimmermann reaction, after chloroform extraction, NaOH wash, and Girard separation. However, no separation of 11-oxyand 11-deoxy-17-ketosteroid was attempted. On the other hand, Migeon (23) extracted 500 ml of normal human plasma and reported that "there was probably not more than 1 wg per 100 ml each of unconjugated androsterone and dehydroepiandrosterone."
In the present study unconjugated plasma 17-ketosteroids were measured in normal subjects and in patients with fever of known origin, familial Mediterranean fever and etiocholanolone fever.
Unconjugated plasma androsterone, dehydroepiandrosterone, and etiocholanolone were separated, measured and identified as 2,4-dinitrophenylhydrazone derivatives. An isotope dilution method 400 with tritium-labeled etiocholanolone, an(lrosterone.
and dehydroepiandrosterone was used to correct for losses during the procedures. The method is sufficiently sensitive to be useful in measuring unconjugated neutral 17- The readily labile tritium was removed by a modification of a method described by Peterson (27) using 250 to 500 ml of methanol. After the methanol was removed by vacuum distillation, the dry impure steroid was dissolved in 20 ml of freshly distilled chloroform. One ml of 0.05 N NaOH was added, mixed, and the alkaline chloroform extract washed three times with 1 
L. lene glycol system (29) ."' The mobility of the radioactive peak, located by isotopic scanning, coincided with the mobility of the Zimmermann positive staining reference standards. Most of the radioactive impurities were more polar and easily separated from the tritium-labeled androsterone and etiocholanolone. The radioactive steroid area corresponding to the reference standard was eluted four times with 10-ml washes of the ethyl acetate: methanol (2: 1) mixture, dried under nitrogen, and rechromatographed along with appropriate standards in the 1: 1 heptane: 96 per cent methanol system (30) . The radioactive steroids were located and eluted as described. The isolated tritium-labeled steroids were purified by two additional paper chromatographic procedures in the same systems.
Dehydroepiaindrosterone-7a-H3-acetate 7 was converted to the free steroid by hydrolysis with acetyl cholinesterase (Nutritional Biochemicals Corp.) by the method of Peterson and colleagues (31) . The free steroid was washed, dried, extracted, and purified by paper chromatography as described. Constant specific activity was observed following reverse isotope dilution of the free tritium-labeled steroids using paper chromatography, and column chromatography of the 2,4-dinitrophenylhydrazone derivatives (32) on 3.9 and 5.0 per cent alumina micro-columns as described below (Table III) . The constant specific activities were interpreted as evidence for the radiochemical purity of the steroids.
Plasnmta 17-ketosteroids Separatiot. Approximately 5,000 cpm (0.2 ml) of tritium-labeled etiocholanolone (5.2 ,uc per ,ug), androsterone (2.6 /xc per Lg), and dehydroepiandrosterone (4.4 ,uc per uog) were pipetted into a 250 ml centrifuge tube and evaporated to dryness. From 45 to 50 ml of plasma was added and the tube was shaken for about 2 minutes to insure complete mixing of the tritium-labeled steroids and the plasma. Two ml of 1 N NaOH per 40 ml of plasma was added, mixed, and the plasma extracted three times with 2 * The radioactive steroids were separated by paper chromatography after the addition of 10 jug of each reference standard. The tritium-labeled free steroids were converted to the 2,4-dinitrophenylhydrazones and measured spectrophotometrically. Radioactivity was determined with corrections for quenching. The (formed)steroid 2,4-dinitrophenylhydrazones were rechromatographed on columns and specific activity determined as described.
velop for 12 to 14 hours, after which the paper was airdried. The three standard strips were cut off and the reference compounds located by staining with Zimmermann reagent, according to the technique of Migeon and Plager (20) . Appropriate areas corresponding to the reference standards and paper blanks were cut out, placed in glass-stoppered test tubes, and eluted with 4 ml of absolute ethanol for 45 minutes at 370 C. Paper blanks were usually obtained below the androsterone (least polar compound) area. However, if the androsterone migrated to the bottom of the paper, a paper blank was taken either above the dehydroepiandrosterone (most polar compound) area, well away from any ultravioletabsorbing material or below the etiocholanolone area.
Measurement. Two-ml portions of the eluates were pipetted into acid-cleaned 15 X 85 mm Pyrex tubes and dried in vacuo for the 2,4-dinitrophenylhydrazine reaction (32) . The samples were dissolved in 0.5 ml of absolute ethanol and 0.04 ml of freshly prepared 2,4-dinitrophenylhydrazine reagent (2.0 mg per ml of absolute ethanol acidified with 0.05 ml 12 N HCI) was added. The mixture was allowed to stand overnight at room temperature. The following day, 0.5 ml distilled water and 0.5 ml Benedict's reagent were added. The tubes were heated for 15 minutes in a vigorously boiling water bath, and, after cooling, 0.5 ml of freshly distilled chloroform was added. The tubes were stoppered quickly to prevent evaporation of the chloroform. Transfer of the steroid-dinitrophenylhydrazone to the chloroform layer was facilitated by vibrating the test tube containing the Benedict reagent: chloroform mixture for 1 minute with a Dremel hand drill, model 2 (Dremel Mfg. Co., Racine, Wis.), which was fitted with a one-eighth inch rod-like bit, bent at a 20°to 25°angle. The tubes were allowed to stand at room temperature for 1 hour. The aqueous layer was carefully removed by aspiration. The chloroform layer (0.5 ml) was transferred to 0.8 ml microcuvets with 1.0 cm light path, and absorbance was measured at 368 mg in a Beckman model DU spectrophotometer. A standard curve was constructed on each occasion with etiocholanolone-2,4-dinitrophenylhydrazone. Since androsterone and dehydroepiandrosterone-2,4-dinitrophenylhydrazones. have the same absorbance maxima and extinction coefficients at 368 miu (32) , these compounds may be substituted in constructing the standard curve. The absorbance followed Beers' law from 0.3 Mug (A = 0.030) to 3.0 jug (A = 0.300). The optical density of the samples was at least 2.5 to 4 times that of the paper blanks.8 A 0.5 ml portion of the ethanol eluate was counted to a standard error of ± 2 per cent in a liquid phosphor scintillation counter (Technical Measurements Co., model LP-2, New Haven, Conn.) which had a counting efficiency of 13 to 15 per cent for tritium. Since aliquots of the eluates from the paper blanks had only background radioactivity, no radioactive correction for paper blanks was necessary. The final value was calculated, taking into account the absorbance of the blank, the dilution factor, and the isotope recovery (28). Table  IV . Twelve patients with fever of known cause (Table I) had less than 0.5 ,tg per 100 ml unconjugated etiocholanolone, dehydroepiandrosterone and androsterone. 8 It has been observed that the steroid 2,4-dinitrophenylhydrazones can be further purified by the method of microalumina chromatography. In this way, the mean + standard deviation elution blank readings at 368 myu are A = 0.005 + 0.002. After chemical measurements are performed, radioactive recovery is determined by direct plating at infinite thinness of the steroid-2,4-dinitrophenylhydrazones on planchets and counting the tritium in a windowless gas-flow counter (Automatic Sample Changer, model C 100 B, Nuclear-Chicago Corp., Des Plaines, Ill.). The efficiency for tritium is 28 to 30 per cent. This modification has increased the sensitivity from 0.5 ,Ag to 0.2 /Ag per 100 ml. $ The sensitivity of the method permits 0.5 pug to be interpolated from the standard curve. However, absorbance of the samples corrected for paper blank absorbance corresponding to lower than 0.5 pug cannot be interpolated. Thus the actual lower limit of the normal range has not been defined.
RESULTS

Plasma determinations. Normal values and isotopic and chemical recoveries are listed in
In Table II are listed the unconjugated plasma 17-ketosteroid measurements in three patients with familial Mediterranean fever and in five patients with etiocholanolone fever. It was not possible to perform duplicate determinations because of the limited amount of plasma available. As can be seen, etiocholanolone was not detected in the plasma of the three febrile patients with familial Mediterranean fever or in the plasma of the patients with etiocholanolone fever when they were afebrile.
However, elevated amounts of plasma etiocholanolone were detected during the febrile episodes of etiocholanolone fever. Moreover, a significant increase of plasma dehydroepiandrosterone was also demonstrated during the same symptomatic attack. During symptomatic episodes, three of the patients (W.H., H.P. and V.E.) had a 2-, 3-and 13-fold increase, respectively, of unconjugated androsterone, compared with the afebrile period.
Identification of plasma 17-ketosteroids. The 2,4-dinitrophenylhydrazone derivatives of unconjugated etiocholanolone, androsterone, and dehydroepiandrosterone isolated from all of the samples of plasma analyzed (a total of 10 L) were pooled separately and chromatographed on 1,000 mg of neutral aluminum oxide (Woelm) columns (12.5 x 0.3 cm). A stationary phase of benzene: petroleum ether (1: 1) was used for the adsorption chromatography on 3.9 and 5.0 per cent hydrated alumina columns. The individual compounds were isolated by elution with benzene: chloroform, 4: 1 (32) . They were then reapplied to fresh 3.9 and 5.0 per cent alumina and eluted with 0.05 per cent ethanol in benzene (33) . Identification of the steroid-dinitrophenyihydrazones was verified by characteristic position of the peaks on elution from the columns and maintenance of constant specific activities calculated on the basis of the absorbance of the eluted material at 368 mp and the radioactivity, counted as descriled above, and corrected for quenching (Table   V) . DISCUSSION It is well established that isotopic labeling can be used to measure and to correct for losses of small amounts of steroids in analyzing plasma. The use of radioactive tracer(s) for correction is justified provided that certain conditions are met. First, the radioactive steroids must be as free as possible from contamination. This is especially important when the steroids are made radioactive by exposure to tritium gas. Second, radiochemical purity must be established and maintained. Third, the manipulations of extraction, paper chromatography, elution, and measurement of plasma steroids must affect equally both endogenotus and added steroids. These conditions were strictly adhered to in the course of the development of the method described, and they facilitated an accurate chemical measurement.
Nevertheless, the sensitivity of the microchemical method prevented measurement below 0.5 /Ag per 100 ml of plasma since, if less than this amount of plasma 17-ketosteroid were present, it would produce an optical density reading indistinguish- Recently it was shown that the administration of certain steroids produces fever in human subjects. Kappas and co-workers (34) reported that the febrile response to steroids with a 3a-hydroxyl, 5,8 configuration differed from that produced by bacterial pyrogens (35) . Steroid pyrogens, unlike bacterial pyrogens, were associated with a much longer latent period (4 to 6 hours) and did not produce tolerance after repeated administration (13) . Moreover, these steroids did not produce fever in certain experimental animals (e.g., the dog or rabbit) which commonly respond to bacterial pyrogens (1, 2, 36) . According to recent observations of Kappas and associates (34) , the pyrogenic response to steroids was not due to the release of endogenous pyrogen.
This report describes five patients with acute attacks of etiocholanolone fever who had elevated unconjugated plasma etiocholanolone levels during the prodrome of chills, anorexia, abdominal and/or chest pain, myalgia, arthralgia, headache, and fever. Normal amounts of unconjugated etiocholanolone were detected in the plasma during the afebrile intervals. These observations support the thesis that the presence of the pyrogenic steroid may in some way be responsible for the development of this type of fever. However, the actual mechanism is still obscure. Unconjugated etiocholanolone was not found in the plasma of patients with fever of known origin or in three patients with familial Mediterranean fever. Therefore it seems unlikely that fever itself causes the presence of the steroid.
The plasma concentrations of dehydroepiandrosterone, an adrenal androgen (37) , and (in three instances) androsterone were also increased in the febrile patients with etiocholanolone fever.
Although liver enlargement was present in the patients with etiocholanolone fever, liver function tests and biopsies were normal. Nevertheless, our data suggest that one hepatic defect occurs in this syndrome, i.e., a change in the pathway of androgen metabolism toward excessive etiocholaniolone pro(ltction. Toiinkinis Each of the measured 2,4-dinitrophenylhydrazone derivatives of unconjugated etiocholanolone, dehydroepiandrosterone, and androsterone was identified by characteristic elution mobility and maintenance of constant specific activity after four separate column chromatographic procedures.
Elevation of unconjugated plasma etiocholanolone (a known pyrogenic steroid) and dehydroepiandrosterone was demonstrated in five patients during attacks of etiocholanolone fever. In addition, three of the five patients had elevated unconjugated plasma androsterone levels. Dehydroepiandrosterone and etiocholanolone were within the normal range during the afebrile intervals. Unconjugated etiocholanolone was not detectable (< 0.5 ltg per 100 ml) in the plasma of 12 patients with fever of known cause and 3 febrile patients with familial Mediterranean fever.
It has been suggested that in acute attacks of etiocholanolone fever, an intermittent decrease of hepatic 5a-reductases may be associated with a simultaneous increase in 5[3-reductases, resulting in the production of excessive amounts of etiocholanolone at the expense of androsterone. Conclusive evidence of a defect in conjugation of 17-ketosteroids in etiocholanolone fever remains to be determined.
